Transcatheter aortic valve replacement (TAVR) has revolutionized the management of patients with symptomatic severe aortic stenosis, and indications are expanding towards treating younger patients with lower-risk profiles. Given the progressive nature of coronary artery disease and its high prevalence in those with severe aortic stenosis, coronary angiography and percutaneous coronary intervention will become increasingly necessary in patients after TAVR. There are some data suggesting that there are technical difficulties with coronary re-engagement, particularly in patients with self-expanding valves that, by design, extend above the coronary ostia. The authors review the challenges of coronary angiography and percutaneous coronary intervention post-TAVR and examine the geometric interactions between currently approved transcatheter aortic valves and coronary ostia, while providing a practical guide on how to manage these potentially have coexisting CAD (5,6). The prognostic significance and optimal management of CAD in this population remain controversial (7, 8 Yudi et al. Yudi et al. JACC VOL. 71, NO. 12, 2018 Coronary Access After TAVR 
. The prevalence of coronary artery disease (CAD) in patients with severe AS is high (7) .
Even in the most recent randomized trials comparing
TAVR to surgery in intermediate-risk patients, >60%
have coexisting CAD (5, 6) . The prognostic significance and optimal management of CAD in this population remain controversial (7, 8) . The recent appropriate use criteria guidelines suggest that it is reasonable to offer revascularization before TAVR, even if there is no evidence of ischemia and only low-risk, noninvasive findings (9).
Furthermore, management of symptomatic CAD after TAVR has not been systematically examined. As 
MANAGEMENT OF CAD IN PATIENTS WITH SEVERE AS UNDERGOING TAVR PREVALENCE AND PROGNOSTIC SIGNIFICANCE OF CAD
IN PATIENTS WITH AS. The prevalence of CAD in patients with severe AS undergoing TAVR ranges from 40% to 75% (7) . Given its high prevalence, it is paramount to first ascertain the prognostic significance of CAD and second define the optimal way to manage CAD in patients undergoing TAVR. To date, however, there is no clear consensus on either clinical question, despite several reviews on the topic (7, 8, 10, 11) .
The heterogeneity in the definition of CAD across randomized trials and observational studies in patients undergoing TAVR is a major limitation in determining its prognostic significance (12) . In a meta-analysis of 2,472 patients from 7 observational studies, CAD was evident in 52% of patients and was 0.67 to 1.50) at a median follow-up of 452 days.
SYNTAX SCORING IN PATIENTS UNDERGOING
TAVR. Using the SYNTAX score (SS) to more accurately define CAD has provided further insight into the association between baseline CAD, post-PCI residual CAD, and clinical outcomes, but not all studies were uniformly consistent. Stefanini et al. (13) showed a linear relationship between SS and major adverse cardiovascular events (MACE) at 1 year in patients undergoing TAVR; this was predominantly driven by higher cardiovascular mortality (no CAD 12.5%, low SS 16.1%, high SS 29.6%; p ¼ 0.016).
Interestingly, patients with a higher SS (>22) received more incomplete revascularization, and those with a residual SS in the higher tertile (>14) had significantly higher MACE rates (13) . In another retrospective analysis from the United Kingdom, the angiographic presence or absence of CAD (>70% epicardial artery stenosis and/or >50% left main stenosis) was not associated with adverse outcomes after TAVR (14) .
However, when stratified by SS, patients with a score >33 experienced a higher risk of death at both 30 days and 12 months when compared with those with intermediate and low SS (14) . Furthermore, after a receiveroperating curve analysis, patients with an SS >9 were identified as having a higher risk of death (14) . In the largest (N ¼ 1,270) and most recent study, Witberg et al. (15) Yudi et al.
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Coronary Access After TAVR cases at a median of 368 days after TAVR. Although full technical details were not described, it was worth noting that procedural success was achieved in patients with both balloon-expandable and selfexpanding valves (24) . Red dot represents the location of the coronary ostium in relation to the valve frame, and the red line represents the annular plane. The red x's depict the closest diamonds that can be used to access the coronary ostium. An optimally positioned Evolut-R (Medtronic, Galway, Ireland) (A) would make coronary access potentially easier than one with a higher implant (B).
Yudi Coronary Access After TAVR Figures 7B and 7C) CT analysis post-TAVR with the balloonexpandable valve is also useful in identifying whether the stent frame extends partially or completely over the coronary ostia (Figure 8) . Threedimensional reconstruction is able to depict the location of the ostia in relation to the stent frame.
However, it is limited by the inability to visualize the commissural posts.
In a proof-of-concept study, Blumenstein et al. (44) used DynaCT-guided (Siemens, Erlangen, Germany) rotation of the Sapien XT valve to ensure the commissural posts were not positioned in front of the coronary ostia. Unfortunately, this was used during transapical TAVR, and does not appear to be feasible with transfemoral or subclavian approaches, due to the longer distance from the access site to the aortic valve and the inability of the delivery system to be adjusted during positioning and deployment (44) . If difficulty with coronary engagement, rail guide towards the ostium using:
1.
2.
3.
• Coronary guidewire ± If skirt is high, use Ikari Right guide to enter diamond from above ostia and rail guide towards ostium using:
• Coronary guidewire ±
• Balloon support ±
• Guide extension catheter If skirt is high, use Ikari Right or MP guide to enter diamond from above coronary ostia and rail guide towards ostium using:
• Guide extension catheter 1.
RCA
Recommendations on specific catheters used in PCI after CoreValve (Medtronic, Galway, Ireland) implantation are proposed. Abbreviations as in Figures 4, 10 , and 11.
engagement is required to perform a diagnostic angiogram.
For RCA engagement, JR4 is the catheter of choice. On occasions when the coronary ostia can only be accessed from above, a downward pointing catheter, such as a multipurpose guide, can also be used, especially for RCAs.
C a t h e t e r e n g a g e m e n t . Selective catheter engagement can be difficult, depending on the position of the skirt and commissural posts relative to the coronary ostia. If possible, cannulation should be performed in a coaxial manner through the diamond directly in front of the ostia. Engaging from a diamond below the ostia has been associated with kinking of the guide and the inability to remove it (35) . Operators have found it useful to cannulate at the fifth alternating diamond above the base of the frame, so as not to be hindered by the pericardial tissue that extends from the base or native valve leaflets. A J-wire is very useful in finding the diamond closest to the ostia, and the catheter can be railed over it for engagement and angiography ( Figure 10B ).
If this fails, a stiff, angled glide wire (Terumo Cardiovascular Systems, Elkton, Maryland) can be used for the same purpose. As it is more lubricious, it can more easily enter the diamond of the valve frame close to the ostium, while its stiffness allows the catheter to be straightened as it is railed across the diamond. Although the angled tip provides a degree of safety, it should always be used with care, given the proximity of the left main coronary artery.
If selective engagement continues to be problematic, a coronary wire can be used to enter the coronary artery from the aorta, and then it can act as a rail for the guide ( Figure 10C ). If guide engagement and support is still suboptimal, a 2.0 mm Â 12-mm balloon can be placed in the left main coronary artery for extra support while attempting to rail the guide over it. If this fails, a guide extension catheter can be used ( Figure 10D) , with balloon-assisted tracking in the most difficult cases (40) .
C a t h e t e r d i s e n g a g e m e n t . Care should be taken when disengaging the guide, as it can kink during the procedure (35) . Thus, the guide should be disengaged from the ostium, preferably over a wire, before withdrawal through the diamond of the valve frame.
If this becomes problematic, using excessive force should be avoided, as it can kink, or even break, the catheter over the valve frame. If necessary, the use of a balloon may further facilitate disengagement and withdrawal from the valve frame. 
FUTURE DIRECTIONS
It is essential to consider future coronary access in patients undergoing TAVR. At present, there is no reliable way to control the transcatheter valve commissural orientation in relation to the coronary ostia, nor is there an easy way to orient the valve to optimize future coronary access. Theoretically, when the self-expanding valve is 80% deployed, transesophageal echocardiographic views can determine the commissural position, but the constrained valve frame before release may cause acoustic shadowing and limit the ability to determine leaflet orientation.
In addition, it is not practical to recapture the valve and move it to the descending aorta to reorient it before attempting deployment again.
In the future, it would be advantageous if the commissural tabs can be easily identified on fluoroscopy and there is a simple mechanism to align the prosthetic valve commissures with those of the native valve, thus optimizing its placement in relation to the coronary arteries. There may also be a role for specifically designed catheters to engage the coronary arteries through self-expanding valves. 
CONCLUSIONS

